To a solution of alkyne 1 (4.5 g, 23 mmol) in THF (80 ml), cooled to -78 °C under argon, was added n-BuLi (12.4 ml, 28 mmol, 2.2 M in hexane) and then stirred at 0 °C for 30 min. A solution of benzaldehyde (3.6 ml, 35 mmol) in THF (40 ml) was added. After being stirred at rt for 75 min, the resulting mixture was quenched with H2O, extracted with AcOEt, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified 1 Zhang, Z.; Bender, C. F.; Widenhoefer, R. A. Org. Lett. 2007Lett. , 9, 2887Lett. -2889 
General Procedures
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by silica gel column chromatography (AcOEt/ hexane = 1: 4) to give 6.6 g of propargyl alcohol as a pale yellow oil. To a suspension of LAH (5.0 g, 132 mmol) in Et2O (190 ml) , cooled to 0 °C under argon, was added a solution of propargyl alcohol (6.5 g, 22 mmol) in Et2O (30 ml) and then stirred at rt for 15 h. The reaction was carefully quenched with H2O (5 ml), 15% NaOH aq (5 ml), and H2O (15 ml) at 0 °C, and then stirred at rt for 1 h. The resulting mixture was filtered through a celite pad and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10 to 1: 5) to give 3.5 g (75%, 2 steps) of alcohol as a colorless oil. 
General synthetic protocol of allenyl acetate: 4-Ethyl-1-phenylhexa-2,3-dien-1-yl acetate (4a)
OA c C To a solution of alcohol (3.5 g, 17 mmol) in CH2Cl2 (85 ml) were added acetic anhydride (3.2 ml, 34 mmol), pyridine (2.5 ml, 34 mmol), and DMAP (0.21 g, 1.7 mmol). After being stirred for 39 h, the reaction mixture was quenched with a solution of saturated NaHCO3 solution, extracted with CH2Cl2, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 5) to give 4.2 g (quant) of 4a as a colorless oil. 
1-(2,4-Dichlorophenyl)-4-ethyl-4-ethylhexa-2,3-dien-1-ol
OH Cl
Cl C 1 H-NMR (CDCl3, 400 MHz) δ 0.94 (t, J = 7.6 Hz, 3H), 0.97 (t, J = 7.6 Hz, 3H), 1.92-2.02 (m, 4H), 2.30 (d, J = 3.9 Hz, 1H), 5. 2H), 7.24 (dd, J = 2.0, 8.8 Hz, 1H) To a solution of allenoate 2 (850 mg, 3.5 mmol) in CH2Cl2 (35 ml), cooled to -78 °C under argon, was added DIBAL (1.0 M in toluene, 10.4 ml, 10.4 mmol) and then stirred at -78 °C for 30 min.
1-Cyclohexylidenedec-1-en-3-ol
1-Cyclohexylidenedec-1-en-3-yl acetate (4h)
C
1-cyclobutylidenedec-1-en-3-ol (6c)
The reaction mixture was quenched with H2O, stirred at rt for 1 h, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 4 to 1: 1) to give 467 mg (66%) of diol as a pale yellow oil. The diol (102 mg, 0.50 mmol) was diluted with CH2Cl2 (10 ml) and then added TBSCl (83 mg, 0.55 mmol) and imidazole (60 mg, 0.88 mmol) at rt. After being stirred for 11 h, the reaction mixture was concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10) to give 123 mg (77%) of 6d as a colorless oil. To a solution of 1-hexyne (2.5 g, 30.6 mmol) in Et2O (120 ml), cooled to -20 °C under argon, was added dropwise n-BuLi (10.6 ml, 24.4 mmol, 2.3 M in hexane) and then stirred at 0 °C for 20 min. The reaction mixture was cooled to -20 °C and a solution of S-1 (4.2 g, 12.2 mmol) in Et2O (10 ml) was added. After being stirred at -20 °C for 30 min, the resulting mixture was quenched with H2O, extracted with AcOEt, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10) to give 4.9 g (quant.) of S-2 as a colorless oil. To a solution of S-2 (3.8 g, 10.4 mmol) in THF (80 ml), cooled to -78 °C under argon, was added K-selectride (15.6 ml, 15.6 mmol, 1.0 M in THF) and then stirred at -78 °C for 1 h. The reaction mixture was quenched with H2O, extracted with EtOAc, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10) to give 3.7 g (quant.) of S-3 as a colorless oil. To a solution of alcohol syn-8 (400 mg, 1.7 mmol), 4-nitrobenzoic acid (584 mg, 3.5 mmol) and PPh3 (544 mg, 2.0 mmol) in THF (15 ml) was added DEAD (0.88 ml, 2.0 mmol, 40% in toluene) and then stirred at 45 °C for 3 h. The reaction mixture was extracted with AcOEt, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 20) to give 574 mg of 4-nitrobenzoate. The benzoate was dissolved in DME (15 ml) and treated with 1M KOH (3 ml). After being stirred at 45 °C for 2 h, the reaction mixture was extracted with AcOEt, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10) to give 171 mg (43%, 2 steps) of anti-8. 
Representative procedure for Ireland-Claisen rearrangement: (E)-4-Ethyl-3-styrylhex-3-enoic acid (5a)
CO 2 H
To a solution of acetate 4a (122 mg, 0.50 mmol) in THF (5 ml), cooled to −78 °C under argon, were added TBSCl (151 mg, 1.0 mmol) and KHMDS (0.5 M in toluene, 2.0 ml, 1.0 mmol).
After being stirred at −78 °C for 3 h, the reaction mixture was stirred at rt for 13 h and then concentrated in vacuo. The resulting mixture was diluted with MeOH (2 ml) and treated with K2CO3 (150 mg). After being stirred at rt for 4 h, the reaction was quenched by the addition of 3 M HCl and extracted with CH2Cl2. The combined organic layer was washed with brine, dried over MgSO4, filtered, concentrated in vacuo to give a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 10 to 1: 2) to give 89 mg (70%) of 5a.
Recrystallization from hexane afforded 5a as colorless needles (105−106 °C).
1 H-NMR (CDCl3, 600 MHz) δ 1.05 (t, J = 7.5 Hz, 3H), 1.09 (t, J = 7.5 Hz, 3H), 2.23 (q, J = 7.8
Hz, 2H), 2.37 (q, J = 7. To a solution of acetate 4h (139 mg, 0.50 mmol) in THF (4.5 ml), cooled to -40 °C under argon, were added KHMDS (2.0 ml, 1.0 mmol, 0.5 M in toluene) and a solution of TBSCl (151 mg, 1.0 mmol) in THF (0.5 ml) and then stirred at -40 °C for 3 h. The reaction mixture was concentrated in vacuo, diluted with hexane (chilled), washed with brine (chilled), dried over Na2SO4, filtered and concentrated to afford a crude product of O-silyl ketene acetal. The resulting compound was dissolved in hexane (5 ml) and refluxed for 1.5 h. The reaction mixture was concentrated to afford a crude product of O-silyl ester. The resulting compound was dissolved in THF (4 ml) and treated with TBAF (1.0 ml, 1.0 mmol, 1.0 M in THF). After being stirred at rt for 10 min, the reaction was quenched with a solution of saturated NH4Cl solution, extracted with AcOEt, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1:
(E)-4-Ethyl-3-(3'-methoxystyryl)hex-3-enoic acid (5b)
2) to give 69 mg (50%) of 5h as a colorless solid (42-44 °C).
1 H-NMR (CDCl3, 600 MHz) δ 0.88 (t, J = 6.6 Hz, 3H), 1. To a solution of alcohol 10 (150 mg, 0.55 mmol) in CH2Cl2 (20 ml) was added MnO2 (1.5 g, 17.3 mmol) at rt and then stirred for 1 h. The reaction mixture was filtered and concentrated to afford a crude product, which was used to the next reaction without purification. The resulting aldehyde was dissolved in tert-BuOH: THF: 2-methyl-2-butene (10 ml, 3: 1: 1) and treated with a solution of NaClO2 (373 mg, 3.3 mmol) and NaH2PO4•2H2O (429 mg, 2.8 mmol) in H2O (2 ml) at rt. After being stirred for 3 h, the reaction mixture was extracted with CHCl3, washed with brine, dried over MgSO4, filtered and concentrated to afford a crude product, which was purified by silica gel column chromatography (MeOH/ CHCl3 = 1: 20) to give 111 mg (70%, 2 steps) of 11 as a pale yellow oil. To a solution of 1,3-diene 7c (70 mg, 0.25 mmol) in toluene (5 ml) was added N-methyl-maleimide (173 mg, 1.0 mmol) and refluxed for 2 h. The reaction mixture was concentrated to afford a crude product, which was purified by silica gel column chromatography (AcOEt/ hexane = 1: 3 to 1: 1) to give 112 mg (99%) of adduct as a yellow oil. 
